We report on infrared reflectivity measurements of the ab-plane response of superconducting Bi 2 Sr 2 CuO 6 single crystals. The frequency dependent conductivity has a maximum near 500 cm −1 at room temperature, which shifts to lower frequency and merges with a Drude peak below 100 K. We attribute the unusual behavior of the mid-infrared conductivity to low frequency transitions between electronic bands of mainly BiO character near the M point.
The relatively simple crystal structure of single layer compounds offers the possibility to study intrinsic properties of the CuO 2 -plane. It is however not clear to what extent the BiO-layers contribute to the optical conductivity, and how the hole-doping into the CuO 2 -planes proceeds. Previously, it was suggested from an optical study of Tl 2 Ba 2 CaCu 2 O 8 that the TlO-layers exhibit non-conducting behavior. 1 The situation for the Bi 2 Sr 2 CuO 6 -system might be more complex. Band structure calculations using the generalized potential augmented plane-wave (LAPW) method by Singh and Pickett 2 show that weak structural distortions shift the Bi-O(3) derived bands below the Fermi level.
Since the normal state dynamics is of special interest for understanding strongly correlated electron systems, the low T c (< 10 K) of the single layer Bi 2 Sr 2 CuO 6 compound offers the opportunity to examine these features well below the transition temperature of the related double and triple layer systems. It is widely accepted that the in-plane response of the cuprates is in the clean-limit and the strong mid-infrared response is due to strong correlation effects in the cuprates. In particular the marginal Fermi-liquid (MFL) 3 , and Luttinger liquid 4 approaches along with the conventional strong electron-phonon interaction 5 have been put forward to account for these unusual properties. In these models the strong mid-infrared conductivity is related to the linear frequency dependence of the scattering rate of the quasi-particles in a single band picture. Therefore, the normal state properties of the in-plane conductivity of Bi 2 Sr 2 CuO 6 down to approximately 10 K should play a pivotal role in a clear separation of the different excitations.
In this paper we report on the far-infrared ab-plane conductivity of a Bi 2 Sr 2 CuO 6 single crystal that was calculated via a Kramers-Kronig analysis of the measured reflectivity data.
Above 70 K the conductivity increases with frequency until it reaches a maximum, the frequency of which increases with increasing temperature. The temperature dependence of the low-frequency conductivity is consistent with the dc resistivity measured on crystals of the same batch. Based on the f-sum rule we argue that phonon-contributions are too weak to account for this maximum. We discuss a scenario, where the unusual temperature dependence is due to intra-and interband transitions within and between electronic bands near E F of CuO 2 and BiO character. 8, 9 , in the present crystals ρ(T ) is only linear at high temperatures but saturates below 40 K 10 at a residual resistivity with a sample to sample variation from 150 to 300 µΩcm.
The reflectance measurements were made on the a-b plane of Bi 2 Sr 2 Cu0 6 single crystals at normal incidence for temperatures from 300 K down to 10 K. We used two Fouriertransform spectrometers to cover the frequency range from 50 cm −1 to 12000 cm −1 and a flow cryostat for the temperature variation. Absolute reflectivities were obtained by referencing the reflected intensity of the sample to a Au-mirror with the same shape and size at each temperature. The systematic errors introduced due to the sample/reference interchange fell within 0.5%. A further confirmation of the absolute accuracy reached with this procedure comes from the small (≈ 1 %) mismatch in the absolute reflectivity in the overlap region between the FIR and MIR regions.
The temperature dependence of the reflectivity is shown in Fig. 1 . Decreasing the tem- To calculate the infrared conductivity through a Kramers-Kronig transformation we used a Hagen-Rubens extrapolation for the low-frequency region. Extrapolation towards high frequencies (up to 320,000 cm −1 ) was done using the data of Terasaki et al..
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The real part of the conductivity σ 1 is shown up to 8000 cm −1 in Fig. 2 and in more detail up to 2000 cm −1 in Fig. 3 . The conductivity at low temperatures is almost featureless and decreases monotonically with frequency. When the temperature is increased to 100 K, a maximum in the conductivity appears, which shifts to 500 cm −1 at room temperature.
We also notice from the way the conductivity curves cross, that at least part of the spectral weight removed from the low frequency side of the spectrum is recovered in the mid infrared range. To demonstrate this, we present in Fig. 4 the carrier density obtained from integrating σ(ω) up to a cut-off frequency (n ef f (ω c ) = 2mπ The maximum near 500 cm −1 (indicated with arrows in Fig. 3) shifts to a lower frequency upon reducing the temperature, and is superimposed on a steeply falling free-electron conductivity which increases as the temperature is decreased. At 10 K the free-electron response is prevalent in the low frequency conductivity. In the remainder of this paper we will indicate the depression of the conductivity below the maximum as a pseudo-gap. In the present case there is no unambiguous -and physically meaningful-way to decompose the conductivity in free-carrier and bound-charge components. One of the reasons is, that in the high T c cuprates also the intraband conductivity deviates considerably from standard has a minimum at this frequency. While only a trace of the pseudo-gap is observed in non-superconducting single crystals 15 , the effective number of carriers remains the same. A maximum in the optical conductivity was also observed in the related single layer compound Tl 2 Ba 2 CuO 6 , 16 although a substantially larger spectral weight was involved.
A possible candidate for the observed pseudo-gap is the additional electronic degree of freedom introduced by having both hole-doped CuO 2 and electron-doped BiO bands.
Although an interpretation in terms of direct transitions between these bands is probably too simple due to the strong electron-electron correlations in the Cu-O bands, a pseudogap may nevertheless exist, not unlike the situation encountered in Kondo-insulators. Wave number (cm 
